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ABSTRACT - (A) Adamantane and several of its derlvates have been found to 
m intermolecular hydride transfer reactions. They function under a 
range of conditions from aprotic solutions of alumlnlrm bromide in methyl- 
bralde to sulfuric acid. 

(A) Catalysis of the Intermolecular Hydride Transfer Reaction by Adamantane 

The intermolecular bdride transfer reaction Is a characteristic reaction of carboniur ions 

and alkanes in strong acids. Tertiary alkyl cations take part in the reaction In acids at least 

as strong as 85-90 percent sulfuric acid(l). This process is most likely the rate detenlnlng 

step In the carbonlun ion chain reaction of lsobutane with oleflns (ccxmnerclal alkylations) and is 

an important element of many alkane lsomerizatlon reactions(2). 

Because of Its importance in the conversion of alkanes. it is natural to consider means of 

accelerating or catalyzing the reaction. One approach lies in the question of which media provide 

the most reactive carbonlun ions. Another would be to search for a reagent which was a specific 

catalyst for the reaction. In developing the first approach a solution to the latter was 

unexpectedly encountered. This was that adamantane has the ability to catalyze the intermolecular 

hydride transfer reaction. How It uas found and a hypothesis regarding its behavior is one of the 

subjects of this paper. 

The hydride transfer reaction was studied In saw detail by Bartlett. Condon and Schneider in 

the 40's who found that t-alkyl halides would rapidly react with potential hydride donors when 

they ware contacted with solutions of aluminum bromide. The reactions were best understood by 

assuming that the alkyl halide ionized to form a reactive carbonltn ion which converted to an 

alkane in a rapid bimolecular reaction with a t-hydride donor(3). 

Further information regarding the dynamics of the process were afford4 by N6f observations 

of isobutane reacting with low levels of the t-butyl cation in solutions of alumtnum braaide in 

1,2,4 trichlorobenzene(4*5). Solutions prepared with water as a promoter exhibited partially 

collapsed signals ('H) for the methyl groups and for the methlne hydrogen which did not change 

noticeably over a 40' temperature range. This led to an estlrate of an activation energy barrter 

of less than one kcal/mol for this hydride transfer reaction. Later Ml studies by Hogeveen and 

Gaasbeek indicated that the reaction between see-ions and donors (the Isopropyl cation and 

propane) in SbFS soluttons had just a sltghtly higher barrler(6a). 

The vapor phase hydride transfer reaction has been extenstvely studied('). Both equlltbrla 

and klnettc studtes have been made. mainly for reactions of t-cattons with Isoparafftns. Under 

mass spectraseter conditions the energy barrier has also been found to be very low. For these 

reactions the actlvatton mthalpy is generally thought to be close to zero. The reaction appears 

to be entropy controlled and was usually found to slow down as the temperature was ratsed. 

There appears to be a dearth of Infomatton regarding the taperature dependence of the 

hydride transfer reaction under haogeneous condtttons in sulfuric acid or hydrofluortc actd. 

Hechantsttc studies, however. clearly lndtcate that the process occurs more raptdly than deep 

seated iontc rearrangements (methylpentyl + dimethylbutyl) but slower than the ions undergo 
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reversible proton exchange and simple 1.2 hydride and alkyl shifts in these solutions. The 

actlvatlon energies for the conversion of 3-methylpentanc to L-mcthylpentane and 2.3- 

dlmethylpcntane to 2.4-dimethylpentane under heterogeneous conditions In sulfuric acid have been 

found to be 6.4 and 4.9 kcal/mol, respectively, but relating these values to the hydride transfer 

step per se has been questioned because of concerns about concomlttant catalyst degradatlon during 

the experiments(8). Such changes would have the natural effect of alterlng the concentrations of 

the carbonlum ions and nvske the lnterpretatlon of rate differences dlfflcult. 

Also unknown are the concentrations of the alkyl ions and the specific rate constant for the 

hydride transfer reactlon In acids at the low end of the superacid scale (cont. sulfuric acid). 

The major reason for this Is the lack of a suitable probe to measure the concentration of the 

Ions. Perhaps 13C MIR could be used but It has not been employed. lli WR is unsultable because 

of rapid exchange processes which average the ions signals ulth those of the acid. 

Lcause of the absence of this data, it Is not possible to compare the inherent reactlvlty of 

Ions In these systems which are widely employed, wlth that observed In a number of stronger acid 

systems that have the ablllty to stablllze Ions so that they are menable to study by N% In the 

latter acids the energetlcs of many ionic rearrangements and of many Inter- and Intra-molecular 

hydride transfer reactlons have been studled extenslvely(6b). 

DISCUSSIOn 

Adamantane was found to be an effective hydride transfer catalyst while being used to assess 

the ablllty of strong acid systems to solvate carbonium Ions. Because the I-adamantyl ion is a 

bridgehead species, Its lnteractlon with any solvatlng solutlon must be predanlnantly with 

nucleophlles located on one side of its vacant p-orbttal, I.e.. suprafacially. 8y contrast most 

alkyl cations are planar and thelr vacant p-orbltal may Interact ulth nucleophiles situated on 

both sides of the plane. 

Thus one a priori expects alkyl Ions to be more strongly solvated than the adamantyl ion In 

any nucleophllic medium. The relative strengths of solvatlon may be probed by measuring the 

posltlon of equlllbria which reflect this factor. A convenient measure Is the position of a 

hydride transfer equillbrlun In solutlon relative to that observed In the gas phase. Thus In the 

reaction of a t-butyl catton with adamantane to yield lsobutane and the adamantyl ion. one has an 

equlllbrlun Involving a palr of catlons which ought to differ widely In their Interactions with 

solvatlng media. By canparlng the gas phase equlllbrlum which favors the formatlon of the 

adamantyl ion and lsobutane by 4 kcal/mol with estimates of the likely equlllbrlun In strongly 

solvatlng solutlons (fras relative rates of solvolyses of the bromldes) of about 4.5 kcal/rol fn 

the other directlon, It may be deduced that thls hydride transfer equlllbrltan should span a range 

of about 8.5 kcal('). 

Yhlle maturing equlllbrla, It was notlced that the l/2 width of the 'ti MQ band IXfleCtlng 

an averaged signal for the methyl protons of lsobutane and the t-butyl catlon was narrowed 

markedly when adamantane uas added to the t-butyl ion. This may be seen by observing Flgs. 1 and 

2 which exhibit mixtures of the t-butyl Ion with adamantane and norbornane. The positlon of the 

butyl slgnal Is different In these samples because the equlllbria are quite different. Yhat Is 

more Important for the present dlscusslon Is that the halfwldth Is about 4.3 Hz In the solUtlOn 

contatnlng adamantane and more than 40 Hz In the mixture with norbornane. 

The spectrun of Flg. I also contains a sharp slnglet for the averaged CH2 signals of 

adamantane and the adamantyl ion and a small. broad band which averages the methlne hydrogens of 

adamantane, lsobutane and the adamantyl ion. Spectral lntegratlon accounts for all the components 

of the mixture and the spectrum is generated by addlng adamantane to a solution of the t-butyl IOn 

or lsobutanc to a solution of the adamantyl Ion. Hence, Fig. 1 can be understood as deplctlng the 

existence of a rapld reversible hydride transfer reactlon. 

The spectrun of Flg. 2 shows a much broader singlet for the methyl grws of the butyl system 

under similar experimental condltlons. me spectrum also shows distinct resonances for the 

norbornyl catlon and norbornane. Thls means that hydride transfer reactions between norbornane 
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and either the t-butyl ion or tha norbornyl cation are nlatlvcly slow and that the broad butyl 

band essentlally reflects the rate of reaction between lsobutane and the t-butyl Ion alone. 

The marked difference in halfwidth of the butyl signal In these smples Is lndlcatlve of a 

Strong Catalytic effect on the hydrlde transfer reaction due to adamantane. This effect can be 

ratlonallred by considering the likely nature of the transltlon state for this reaction. Thus the 

usual reaction between a tertiary cation and a branched alkane probably Involves an essentlally 

linear conflguratlon, I.e., the recelvlng C atom being In line ulth the breaking CH bond, because 

of large sterlc'lnteractions between the remote groups on the reactants. That these nonbonded 

InteraCtIOnS mudt be large can ba deduced by examlnlng molecular models of representative systems 

(such as lsobutane-t-butyl Ion). Fran the models It Is apparent that the alkyl groups on each of 

the components approach one another more closely than do the galnal methyl groups on the 

Isobutane molecule. Slncc It Is know that there is a substantial barrier to Internal methyl 

rotation In lsobutane (ca. 4.7 kcal)(lo), It Is clear that there will be a much larger barrier to 

an Internal rotation of one butyl group relative to the other In this transltlon state. 

kr a result of this barrier, the normal Cdrlde transfer transition state can be considered 

to be frozen wlth respect to this motion. By contrast, the transition state Involving adanantane 

and a t-butyl Ion would be expected to have practically no sterlc barrier to the analogous 

rotation and the molecular complex ought to approach the behavior of a free rotor. 

The presence of a free rotation In one case and not In the other Is expected by rate theory 

to lead to a difference In preexponentlal factors of about an order of magnitude(11*12) (that with 

the rotation being larger) and this provides a convenient ratlonallratlon of the t@gl results. 

The proposed explanation lmplles that adamantane should function as a general hydride 

transfer catalyst and not be llmlted to the system In which It was first detected. This thesis 

has been tested by examining the effect of the reagent upon a reaction whose rate Is believed to 

bc limited by the hydride transfer process. 

For an Inltlal trial the lsaerlzatlon of J-nethylpentane to Pacthylpentane In sulfuric acid 

was chosen as a model reaction. me reaction was studied under heterogeneous conditions with 

sulfuric acid as the catalyst and found to be accelerated upon the addition of adamantane to the 

system. The relatlve Isomerltatlon rates are shovm In Table 1. Thls Is a simple reaction, 

generally believed to be occurring via a carbonlum Ion chain aachanlsm herein 3-mthylpentane 

transfers a hydrlde Ion to a cation In the acid. thus forming a new cation which can lsanerlre and 

a product molecule(2a**). The conversion of J-mathylpentane to Its lsaer occurs in sulfuric acid 

without the fonatlon of dlmethylhexanes or n-hexane. 

The results show that the lscnuerlzatlon Is catalyzed by adamantane. Thus lncreaslng its 

concentration In the substrate to 0.1 and 0.3ll led to an Increase In the relative rate of 

lsomerlratlon by 56 and 164 percent. Carbonlun lon reactions under heterogeneous conditions In 

sulfuric acid have been shown to proceed both In the acid phase and In the Interfacial 

region(l). This complicates a kinetic Interpretation of the present data, but suggests a further 

test of the adanantyl moiety as a hydride transfer catalyst. In particular. It ought to be 

possible to accelerate the 3methylpentane ls~rlzatlon in sulfuric acid by aploylng a 

surfactant containing tha adaantyl group. Such a result would lend further support to both the 

efficiency of the reagent and the importance of interfaclal hydride transfer reactions In thls 

acid. 

The Investigation of this subject was conducted by establishing that 4-l'adamantylbutylamine 

behaved like a normal surfactant In sulfuric add and then employing It as a catalyst for the 

methylpentane Iscmerizatlon. Figure 3 shows the surface tension of the acid (as determined ulth a 

ring balance) as a function of reagent concentration. Also shorm are the relatlve rates of 

1scmerlzatton. It Is clear that there Is a close correspondence betmn the concentration at 

which the adanantyl surfactant begins to lower the surface tenslon and where lt acts as a 

catalyst. 

The efficiency of I-l'adamantylbutylamlne as a catalyst Is canpared ulth that of less surface 

active derivatives In Table 2. 1-krlnoadamantane and the methyl, ethyl and propel hWlogues are 



TABLE 1 

Adamantme Catalyzes 3-Methylpentrne Isomrizatlon(a) In liPSO 

Overall Reaction: 3MC5 + 2NC5 

Rate Detemlnlng Step: 3MC5 t 2MC5' + 2MC5 + 3nC5' 

[Mamantanel+ k x 106, s-l 

0 3.08 

0.1 4.80 

0.3 8.15 

(a) The reactions were carried out at mblent temperatures In a 300 ml, magnetically stirred, 
stainless steel reactor using equal volums of 3-methylpentane and cont. sulfuric acid. 
95.9s. 

Table 2 

Isomerlratlon of 3-Methylpentane Catalyzed by Mamantyl Derivatives In H,SO, 

Addltlve 

lbne 

1-Mdrmantyl-X 

-"H, 

-CH2uH2 

-CH2CH2NH2 

-Cli2CH2CH2NH2 

-CH2CH2CH2Cti2NH2 

-CH2CH2CH2CH2NH2 

-Ca2l3 CWH 

-CCH2l4 Cm 

-CCH2l5 COW 

CON., N x lo3 k, hr'l 

0.017 

0.017 

0.017 

0.017 

0.031 

0.095 

0.050 

0.059 

0.066 

0.121 
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FIG. 3 

not nearly as useful as catalysts for the reaction. This is primarily attributed to their being 

poorer surfactants rather than the existence of a destabllltlng electrostatic interaction between 

the mnlum ion on the tail of the shorter molecules and development of a second cationic charge 

on the molecule in the hydride transfer transition state. 

Also shown in Figure 3 is the effect of replacing the anlno group with a carboxyllc 

function. 4-1'Mamantylbutanoic acid (not shown) functions about as well as 4- 

l'adamantylbutylamlne and the longer chain pentanoic and hexanolc derivatives are still more 

active. The lsomertzatlon results, therefore, buttress prior conclusions about the location of 

the hydride transfer site in sulfuric acid and show that adamantane Is a general catalyst for the 

reaction, being able to function In strongly protlc 

solutlons such as those containing aluminum bromide. 

EXPERIMENTAL 

media as well as in aprotlc super acid 

MR rpbqsurements 
previously 

soluttons in CD3Br following procedures used 
The AlBr was prepared by sublimation and stored in a nltrogen 'Dry Box" until it 

was used. 

;re made with 4H AlBr3 

Stbhler's 99. 2 D methyl branlde was used as received. A typical solution was prepared 
in the anhydrous atmosphere by weighing 0.5349 of AlBr 
-BOY and 0.5 ml CD3Br was distilled into It through a 

into an Ml tube. The tube was cooled;; 
small drying tuba containing CaCl 

acid was dissolved by shaklng for about 10 seconds, the solution cooled again, and t-buty ib' romlde 
added by a syringe to provide an D.lM solution. The solution uas shaken for another second and 
kept at -50°C until its spectra uas obtained at -4DOC on a Varlan 360-L mR spectrometer. 

The catalysis of the lscmerlratlon of 3methylpentane by adamantane was conducted in a t-neck 
500 ml glass flask lavnersed In a water bath at 24 +/- 1 'C. The flask contained 100 ml of reagent 
grade 96% WSO4 and 100 ml of 3methylpentane solutfons. It was stirred vigorously and sanpled 
periodically throughout a 24 hour period. The products were analyzed by gas chromatography and 
rate constants obtained from 1st order plots, (Table 1). 

Iscmerizatlon with adamantylalkylamlnes was done in a 300 ml magnetically stirred autoclave 
at anblent temperatures. me experiments used 50 ml of 3mcthylpentane and 50 ml of sulfuric acid 
solutions (prepared with a new supply of acid) containing the amlnes at concentrations varying 
from 0.001 to O.O5H, (Fig. 3 and Table 2). 

4- '1 Mamantylbutylamlne and the analogous propyl and ethylamlnes acre used as obtained from 
the Aldrich Chemical Company. They were syntheslrcd by Dr. S. Branca following the general 
procedures established by Fierer, L. F., Rater. M.Z.. Barberian. D.A. and Slighter, R.6.. J. &d. 
Chew (1967). 10. 517. Mwntylamlne and adamantylmthylamlne were also purchased froll Aldrich. 
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